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Abstract— The objective of this research is to evaluate the effect of the addition of lemongrass essential oil (LGO) on the 
characteristics and antimicrobial properties of cassava starch based films. Edible films were prepared from a mixture of cassava 
starch and glycerol. LGO was added to edible films as natural antimicrobial agent. There was a reduction in tensile strength of edible 
film because of incorporation of LGO. The presence of LGO also caused to a reduction in roughness of the edible film. The 
experimental results showed that Trichoderma and Penicillium was not appear upon the film until the third day of incubation. 
Meanwhile, the use of edible films containing LGO as antimicrobial agents caused to a reduction in microbial counts of meat during 
storage. 
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I. INTRODUCTION 
Lemongrass (Cymbopogon citratus) is perennial herb 
largely cultivated in tropical and subtropical countries. The 
lemongrass essential oil (LGO) is widely used in perfumery 
industries and present biological activities as antibacterial, 
antifungal, anti-inflammatory and mosquito repellent. LGO 
mainly consists of citral. Citral is a racemic mixture of two 
monoterpene aldehydes; the geranial (cis-citral) and the 
neral (trans-citral). Previous studies showed that LGO had 
antimicrobial and antifungal activity against many strains 
such as Aspergillus flavus, Penicillium expansum, 
Aspergillus ochraceus, Fusarium moniliforme, Listeria 
monocytogenes, Staphylococcus aureus, Escherichia coli, 
Salmonella typhimurium [1-4]. Although, most of the 
essential oils such as LGO are classified as Generally 
Recognized as Safe (GRAS), its use as a food preservative 
often limited because of the flavor. Effective antimicrobial 
doses must not exceed consumers acceptable organoleptic 
levels [5]. To overcome this problem, one of the solutions is 
to incorporate essential oil into edible film. 
Meanwhile, there is an increment of research devoted to 
the development of new biodegradable packaging materials, 
such as edible film. In food industry, Edible films can be 
utilized to meet challenges associated with long-term 
quality, market safety, nutritional value and economic 
production cost. Edible film defined as a thin layer, which 
can be consumed and wrapped on food [6]. These films may 
operate as carriers of many functional ingredients, such as 
antioxidants, antimicrobial agents, flavours, spices and 
colourants [7]. One of abundant agricultural commodity for 
edible film production is cassava. It is extensively cultivated 
as an annual crop in tropical and subtropical regions for its 
edible starchy tuberous root as major source of 
carbohydrates. This product has advantages in terms of 
transparency and resistance to oil and heat. However, the use 
of cassava starch is still constrained by its brittleness nature. 
The brittleness problem can be solved by the addition of 
glycerol [8]. 
In order to control undesirable microorganisms on food 
surfaces coated by edible film, volatile and non-volatile 
antimicrobial agents such as essential oil can be incorporated 
into edible film [9]. Essential oils represent an alternative to 
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increase the water vapour barrier of edible films. The 
presence of essential oil in edible film have additional 
advantage, i.e. protection against microbial growth. In 
addition, incorporation edible film with essential oils could 
be used to slow down the oxidation process of lipid in 
various products with a high content in unsaturated fatty 
acids [10-11]. The use of edible films containing essential oil 
can inhibit the diffusion process of antimicrobial compounds 
into a product. It might be caused the essential oil forms part 
of the chemical structure of the film and interacts with the 
plasticizer and the polymer [12]. However, the incorporation 
of essential oil to the edible film was limited by the strong 
odour of essential oil and the possibilty of colour 
degradation of edible films. 
The work reported in this paper was carried out to study 
the effect of the addition  of LGO on the characteristics and 
antimicrobial properties of cassava starch-based films. The 
application of edible films for meat preservation was also 
investigated. 
II. EXPERIMENTAL PROCEDURE 
A. Lemongrass Oil, Microbial and Cassava Starch 
Lemongrass was harvested from local farmer in Banda 
Aceh, Indonesia. LGO was extracted from stems and leaves 
of plant by conventional hydro-steam distillation apparatus 
for 4 h. The oily layer obtained on top of the aqueous 
distillate was separated using funnel and dried over 
anhydrous sodium sulphate. The essential oil extracted was 
kept in sealed glass vials and covered with aluminium foil at 
ambient temperature until further analysis. Trichoderma 
(TC) and Penicillium (PC) was supplied from Bogor 
Agriculture Institute Culture Collection (Bogor, Indonesia). 
Both type of fungus was grown in Potato Dextrose Agar 
(PDA, oxoid) and kept at 4 °C. 
Cassava (Manihot esculenta) was purchased from local 
market in Banda Aceh, Indonesia. Tubers were peeled, 
washed, and chooped in small pieces. The chops were 
crumbled in blender machine, and then the starch slurry was 
filtered and left to sedimented in 48 h. The sludge was took 
and oven-dried for 48 h. Dried starch pulverized in a blender 
and sieved using 80 mesh sieve size. Starch was stored in 
plastic and kept in ambient temperature. 
B. Edible Films 
Cassava-starch film was prepared by dissolving a specific 
amount of cassava-starch into aqueous solution. The starch 
solution was stirred at 60 °C until it was completely 
dissolved. Afterwards, the viscous solution was left to cool 
in room temperature and then 3 g of glycerol was added as a 
plasticizer. Different portions of essential oils were slowly 
blended to the solutions. The mixture was casted onto 21 cm 
× 29 cm glass plates and left to dry under ambient laminar 
cabinet conditions for 3 days. The dried films were peeled 
and wrapped in alumunium foils and stored in a plastic clip 
until evaluation. 
C. Characterization and Antimicrobial Activity of Edible 
Film 
A universal test Machine (TA.XTplus model, Stable 
Micro Systems, Haslemere, England) was used to determine 
tensile strength. Four measurements were taken for the 
tensile tests. The surface of films was observed by Atomic 
Force Microscopy (AFM), using a Scanning Probe 
Microscope (Digital Instruments, Inc., Santa Barbara, 
California) with a 125×125 µm scan size and a 6 µm vertical 
range. A three-dimensional image of a film surface area 
obtained in each test, and three images were obtained per 
formulation. A two-parameters related with sample 
roughness, i.e. average roughness, Rq (average of the 
absolute value of the height deviations from a mean surface), 
and root-mean-square roughness, Ra (root-meansquare 
average of height deviations taken from the mean data plane) 
were calculated. 
Agar disc diffusion method with some modifications was 
used to assess the antimicrobial behavior of edible film. TC 
and PC culture was dissolved in a NaCl solution until reach 
a specific turbidity standard at a wavelength 530 nm 
(measured by spectrophotometer). The edible films from 
each variant were cut rectangular (1.5 cm × 1.5 cm) and 
placed on Potato Dextrose Agar plates, which had been 
previously swapped with inoculums suspension. Edible films 
without essential oil content were also examined as 
reference. Then the plates were incubated at 37oC. 
Observations of sample were made every day until microbial 
grows above edible film and the inhibition zones were 
created.  
D. Application of Edible Films 
Beef meat was obtained from a local supermarket in 
Banda Aceh, Indonesia. The meat was ground by using a 
mincer  and was moulded in Petri dishes. The surface of both 
sides of the meat was coated with the films. The coating 
process was done under sterilized conditions using a laminar 
flow hood, thus, the initial microbiological population of the 
samples not to be modified. The coated samples were packed 
in polypropylene trays and stored without modified 
atmosphere at freezer. Evaluation of product was done at 
fourth days of the storage period. Meats without coating 
were also examined as reference. 
III. RESULTS AND DISCUSSIONS 
The content of LGO has an effect on the tensile strengths 
of edible film. Figure 1 shows that there was a reduction in 
tensile strength of edible film because of incorporation of 
LGO. The difference was explained by the loss of 
intermolecular interactions among starch molecules [13]. 
LGO may have caused some degree of rearrangement in the 
protein network, thus decreasing the film resistance to 
elongation. The experimental result show that the films with 
LGO were less resistant and less stretchable compared 
without LGO. It could be explained by the fact that lipids are 
unable to form a cohesive and continuous matrix [14]. Chen 
[15] stated that simple protein films are stronger and more 
stretchable than composite films containing lipids. In 
general, the mechanical behaviour of the film is greatly 
dependent on the kind of essential oil used. Lim et al. [16] 
has been reported that the physical properties of the film 
were not improved by the addition of thymol as active agent. 
It might be due to the addition of thymol increases the 
average pore size of films, resulting in decrease of tensile 
strength of film. Meanwhile, Pires et al. [17] also reported 
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that the tensile strength did not significantly change when 
essential oils of coriander, tarragon and thyme, were added 
to Hake protein powder films. 
 
 
 
Fig. 1. Tensile strength as function of LGO concentration 
 
 
 
 
Fig. 2. Surface topographies of edible films; (a) wihout LGO; and (b) with 
LGO 1% 
 
In order to study the impact of LGO on the surface 
morphology of the films, AFM images were obtained. Figure 
2 shows topographies of edible films. Meanwhile, Fig. 3 
presents the results of roughness parameters Ra and Rq for 
formulated edible film. AFM images show that the film 
without LGO is rougher than the film with LGO 1%. The 
presence of LGO caused to a reduction in roughness of the 
film, indicated by decreasing of Ra and Rq values. It might 
be due to the liquid state of the oils which extend over the 
protein matrix surface reducing its irregularities. Meanwhile, 
it was also observed that as the oil content increased in the 
formulation, an increase of Ra and Rq was observed (Fig. 3). 
The roughness of the film surface tended to increase as LGO 
concentration increased. It may be linked to the greater 
progress of aggregation and creaming during the drying step, 
thus causing irregularities on the surface. The addition of 
ginger oil on soy protein isolate edible film showed a similar 
result trend [18]. Based on these results, a proper amount of 
LGO must be added to the film to make a film with a 
specific smooth surface. 
 
Fig. 3. Roughness parameters of edible film as function of LGO 
concentration 
 
 
Fig. 4. Microbial growth : (a) TC on first day; (b) TC on fourth day; (c) PC 
on first day; (d) PC on fourth day 
 
The antimicrobial properties of cassava starch-based films 
were presented in Fig. 4 and Table 1. Figure 4 shows the 
comparison of microbial growth on the first and fourth day 
of incubation. Meanwhile, Table 1 presents the experimental 
results of the antimicrobial activity of edible films 
containing LGO against TC and PC. It was observed that 
there is no microbial upon edible film until the third day for 
all of LGO concentration used. However, the microbial was 
sprout up upon the film on the fourth day. It was observed 
that there is no inhibition zones formed around the edible 
films on the fifth day. Similar results were observed for 
different concentration of LGO. The process of incubation at 
37 °C can affect the active components composition in the 
LGO. Thus on the fourth day, the remnants of the active 
(b) 
(a) 
 
(a)  (b)  
(c) 
 
(d)
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components in the edible film can no longer resist microbial 
attack. Release of antimicrobial in edible film depends on 
many factors such as electrostatic interactions between the 
antimicrobial agent and the polymer chains, osmosis, 
structural changes induced by the presence of antimicrobial, 
and environmental conditions [12]. 
Avila-Sosa et al [12] reported that chitosan and starch 
films retained volatile components present in the essential oil 
less effectively since it only has one type of polymer chain. 
Therefore, it allowed more volatile components into the 
vapor phase with resultant decrease in antimicrobial 
activities of the film. One of important antimicrobial 
component of the lemongrass is citra as an acyclic 
unsaturated monoterpene aldehyde compound [19]. Citral 
thought to inhibit microbial growth by damaging the cell 
membrane. This compound is known as volatile substance 
which is sensitive with thermal condition. Citral is found 
naturally in the volatile oils of citrus fruits, lemongrass, and 
other herbs and spices. 
The film forming process may also influence the 
compounds of LGO. The production process suspected to 
make certain active compounds which effective against TC 
or PC are reduced or even vanished [20]. Effectiveness of 
antimicrobial agents is also affected by the amount or 
concentration of the substance. High concentrations of 
antimicrobial agents make microorganism harder to grown 
[20-21]. Allegedly the amount of LGO which were added in 
edible film is only enough to inhibit the growth of TC and 
PC until the fourth day. Liakos et al. [21] used higher 
concentration of LGO (16, 50 and 66 %) in the film, the 
inhibition zone that performed was only about 0.5-3 mm 
(diameter) against E. coli. Furthermore, the LGO which 
incorporated to a matrix such as edible film is more difficult 
to migrate out so that the antimicrobial activity tends to be 
weaker than the activity of the oil directly. 
The incorporation of LGO to edible film led to a 
reduction in the microbial counts of beef meat during storage 
in freezer. This reduction was more marked in terms of total 
microbial counts (Fig. 5). The microbial counts in coated 
meat with LGO was lower than samples uncoated and coated 
without LGO. Therefore, it can be concluded that the 
incorporation of LGO to edible film have been proved to be 
effective against microbial. The antimicrobial agents can 
serve as a carrier for antimicrobial compounds and/or 
antioxidants compounds in order to maintain high 
concentrations of preservatives on the food surfaces. The use 
of edible films containing antimicrobial agents could be an 
alternative to extend meat shelf-life. The shelf-life of a 
product can also be extended throughout storage and 
transportation period by maintaining high concentrations of 
antimicrobial ingredients. 
 
 
Fig. 5. Total microbial counts of meat (control: fresh meat; A-4: uncoated 
meat for four days of storage; B-4: coated meat without LGO for four days 
of storage; C-4: coated meat with 2% LGO for four days of storage; D-4: 
coated meat with 4% LGO for four days of storage) 
IV. CONCLUSIONS 
The incorporation of LGO to edible film may have 
additional functions in direct food packaging. The 
experimental results showed that the edible films have 
antimicrobial behavior due to its surviving capability against 
Trichoderma sp and Penicillium sp. Nevertheless, further 
research is necessary to determine the composition or 
method of manufacture of cassava edible film incorporated 
with LGO which more appropriate to enhance the 
antimicrobial ability of edible film so that the inhibition zone 
can be formed for longer time. The antifugal properties of 
edible films can be applied for meat preservation. The 
incorporation of LGO to the film led to a reduction in 
bacterial content of meat as compared to samples coated 
without LGO. The results suggest that the films containing 
LGO may extend the shelf life of food. 
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TABLE I 
ANTIMICROBIAL EFFECT OF CASSAVA STARCH EDIBLE FILM INCORPORATED WITH DIFFERENT LGO CONCENTRATIONS 
Films Day 1 Day 2 Day 3 Day 4 Day 5 
TC PC TC PC TC PC TC PC TC PC 
LGO 0 % - - - - - - + - + + 
LGO 0.5% - - - - - - + + + + 
LGO 1% - - - - - - + + + + 
LGO 2% - - - - - - - + + + 
LGO 3% - - - - - - + - + + 
LGO 4% - - - - - - + - + + 
Note: TC : Trichoderma sp; PC : Penicillium sp 
-   : not grow upon edible film 
+  : grow upon edible film 
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